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Description 

The present invention relates to semiconductor 
processing and, more specifically, to a chemical 
vapor deposition system and a reactant delivery 
section. 

Integrated circuits are pervasive and essential 
components of a wide variety of goods and tools. 
Not only are they the basis of modern computers, 
and other high-technology fare, but integrated cir- 
cuits are commonplace in cameras, kitchen appli- 
ances, toys, musical instruments, etc. Integrated 
circuits typically include a number of layers formed 
on a substrate, which is most commonly of cry- 
stalline silicon. Different processes are used to 
form the various layers. One of the more important 
processes, chemical vapor deposition, is used to 
deposit epitaxial silicon, polycrystalline silicon, dop- 
ed and undoped silicon dioxide and silicon nitride, 
as well as other materials. 

Chemical vapor deposition is the formation of a 
layer on a substrate by thermal reaction or de- 
composition of gaseous compounds. Systems for 
accomplishing chemical vapor deposition include 
horizontal systems, vertical systems, cylindrical 
systems, and gas-blanketed downflow systems 
These systems have certain elements in common, 
e.g., a reaction chamber, a gas delivery section, a 
time and sequence controller, a heat source for the 
deposition reaction, and an effluent handling sec- 
tion. The reaction chamber contains and defines a 
controlled environment about the wafer being pro- 
cessed. The gas delivery section controls the 
amount of gas that flows into the reaction chamber. 
The time and sequence controller, which can be 
either manual or automated, coordinates the timing 
of the other components. The heat source, which 
can be selected to provide cold-wall heating or hot- 
wall heating , is used to heat the substrate as well 
as help control gas temperature. The effluent han- 
dling section exhausts all unreacted gas. properly 
deactivating any harmful gases. In some systems, 
the effluent handling system exhausts gases at a 
rate which is varied to maintain a constant chamber 
pressure. 

One of the challenges in designing a chemical 
vapor deposition system is to provide a sufficient 
and precisely controlled flow of reactant gas. Typi- 
cally, a liquid source is used to provide the vapor 
constituting the reactant gas. The most common 
approach to liquid source delivery involves the use 
of a boiler or bubbler. The mass flow rate of vapor 
from the liquid source depends on the pressure 
difference between the pressure at the source and 
the pressure of the reaction chamber. Since many 
liquid sources have relatively low vapor pressures, 
the mass flow rate is limited to low values, except 
at high liquid temperatures and low chamber pres- 



sures. A notable example of a liquid source with 
relatively low vapor pressure is tetraethylor- 
thosilicate (TEOS) which is used as a silicon 
source for silicon dioxide deposition. 

5 In systems using a boiler to generate reactant 

gas, the liquid source temperature is raised to a 
high enough level to yield a vapor pressure much 
greater than the pressure in the chamber to which 
reactant is delivered. A mass flow controller (MFC) 

w is located between the liquid source boiler and the 
chamber. While this type of system is conceptually 
simple, reliability is a problem. All components 
downstream of the boiler must be maintained at a 
higher temperature than the liquid to avoid con- 

75 densation. Ensuring the reliability of these compo- 
nents, especially electro-mechanical components 
such as the MFC and other valves, at high tem- 
peratures is difficult. Furthermore, operation of a 
boiler system in conjunction with higher chamber 

20 pressures is problematic due to the requirement of 
some minimum pressure drop across the MFC. 

A proposed alternative is to inject liquid source 
as a mist which is then vaporized by a heating 
element. The vaporized reactant could then diffuse 

25 or be swept by a carrier gas stream to a reaction 
chamber. In theory, the flow rate of reactant gas 
would be known from the amount of liquid source 
injected. In practice, this approach has not realized 
the precision required for many chemical vapor 

30 deposition processes. 

Reactant gas flow can be increased greatly by 
introducing a carrier gas, such as helium or another 
chemically inert gas, through the liquid. The first 
order equation describing the mass transport rate 

35 of reagent gas (Q r ), assuming saturation of the 
carrier with reactant gas, is: 



40 



O ^ ^ Pv Qc 



where k is a constant, P v is the vapor pressure of 
the liquid at a particular temperature, P g is the total 

45 pressure of the gas mixture above the liquid, and 
Q c is the mass flow rate of the carrier gas. 

There are several problems with using a carrier 
to transport reactant gas. P v is an exponential func- 
tion of liquid temperature. This means that P v must 

so be very tightly controlled, especially at elevated 
temperatures. The assumption of saturation may 
not be valid, especially as the liquid level is re- 
duced. The pressure of the gas mixture P g is a 
function of P v , carrier flow rate, downstream gas 

55 line conductance, and downstream chamber pres- 
sure. Thus, the mass flow rate of the reactant vapor 
is easily perturbed by many difficult-to-control vari- 
ables. 
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If more control over gas flow is accomplished 
by maintaining low temperatures throughout, then a 
lower reactant gas mass flow results and a lower 
gas pressure in the chamber is required so that a 
pressure drop is established across the mass flow 5 
controller. However, low flow rates and low cham- 
ber pressures are non-optimal conditions for many 
deposition reactions. What is needed that has not 
been heretofore provided is a chemical vapor de- 
position system which provides for large and pre- 1c 
cisely controlled reactant gas flows even with rela- 
tively high reaction chamber pressures. A major 
objective of the present invention is, therefore, to 
provide a chemical vapor deposition system with 
precisely controllable delivery of a reactant gas into 15 
a reaction chamber. 

This object is solved by the chemical vapor 
deposition system of independent claim 1 and the 
reactant delivery system of independent claim 2. 
Further advantageous features of these systems 20 
are evident from the dependent claims. 

In accordance with the present invention, a 
chemical vapor deposition system relies on the 
concerted action of two closed loops, one asso- 
ciated with a gas delivery section and the other 25 
preferably associated with an effluent handling sec- 
tion. The gas delivery loop uses the difference 
between a combined flow sensor and a carrier-only 
flow sensor to determine reactant gas flow, which 
is regulated accordingly. The effluent handling loop 30 
regulates the pressure in a reaction chamber by 
adjusting the rate gases are removed from the 
chamber. Maintaining a constant pressure in the 
chamber to which the gas delivery section trans- 
ports reactant ensures that the gas delivery loop 35 
can converge to a stable condition. 

The chemical vapor deposition system com- 
prises the gas delivery section, the reaction cham- 
ber, the effluent handling section, a heat source for 
heating wafers within the reaction chamber, and a ao 
system controller for coordinating the previously 
listed components. The gas handling section in- 
cludes a carrier source, a carrier flow valve, a 
carrier mass flow sensor, a liquid source of gas- 
eous reactant, and a reactant mass flow sensor. 45 
The reactant flow sensor measures the combined 
flow of the carrier and reactant gases. The con- 
tribution of the carrier gas to the combined flow is 
indicated by the carrier flow sensor. The difference 
is the actual reactant flow rate which the controller 50 
compares to a target reactant flow rate, adjusting 
carrier flow valve accordingly. Since reactant gas 
flow correlates with carrier gas flow, the former is 
effectively regulated. 

Calibration can be effected in two steps, one 55 
involving relative calibration of the mass flow sen- 
sors, and the other involving absolute calibration of 
one or both of the sensors. Relative calibration is 



accomplished by closing valves to and from the 
liquid source and opening a valve permitting the 
carrier-only gas to pass through both sensors. By 
taking measurements at a number of different car- 
rier flow rates from both sensors, one can derive a 
transformation which permits readings from the 
carrier flow sensor to be translated into the read- 
ings the reactant flow sensor would have had for 
the same flow rate. This transformation is used 
during deposition so that the combined flow rate 
can be validly compared with the carrier-only flow 
rate. The reactant flow sensor, or both sensors, can 
then be calibrated against a known mass flow, for 
example, using a conventional "leak-up" test. The 
calibration results can be implemented in software 
and applied by the system controller during depo- 
sition procedures. 

Several features of the preferred embodiments 
of the present invention address concerns as to the 
sensitivity and stability of the gas delivery loop. As 
indicated, the effluent handling loop maintains con- 
stant chamber pressure which contributes stability 
to the gas delivery loop. The use of helium as the 
carrier gas provides a relatively large volume of 
carrier gas for greater reactant carrying capacity in 
conjunction with a low contribution of carrier mass 
to the combined flow detected by the reactant 
mass flow sensor. The favorable reactant-to-carrier 
ratio permits a sensitive determination of reactant 
flow, which can thus be precisely regulated. Since 
the gas delivery loop does not rely directly on 
temperatures and pressures, greater ranges and 
deviations from nominal conditions are tolerated. 
This in turn increases the selection of processes 
and conditions available for deposition reactions. 
These and other features and advantages of the 
present invention are apparent from the description 
below with reference to the following drawings. 

FIGURE 1 is a schematic illustration of a 
chemical vapor deposition system in accordance 
with the present invention. 

FIGURE 2 is a flow diagram of a control loop 
used by the chemical vapor deposition system of 
FIG. 1 to regulate gas delivery. 

A chemical vapor deposition (CVD) system 100 
comprises a reaction chamber 102 in which depo- 
sition reactions occur, a gas delivery section 104 
for delivering reactant gas used in the deposition 
reaction, a heat source 106 for providing heat to 
facilitate the deposition reaction, an effluent han- 
dling section 108 for disposing of spent gases from 
the deposition reaction, and a system controller 
110 for coordinating the operation of the recited 
components. CVD system 100 provides for deposi- 
tion of a selected material on a wafer 99, situated 
on a wafer holder 112 within reaction chamber 102. 
To ensure ample reactant gas is available for the 
deposition reaction, gas delivery section 104 pro- 
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vides a carrier gas to sweep reactant gas into 
reaction chamber 102. 

Introduction of reactant gas into reaction cham- 
ber 102 is precisely controlled using tandem con- 
trol loops, a gas delivery loop and an effluent 
handling loop. The gas delivery loop utilizes a 
mass flow sensor, i.e., reactant flow sensor 114, to 
detect reactant gas being transported into reaction 
chamber 102. Since the reading provided by reac- 
tant flow sensor 114 reflect carrier gas as well as 
reactant gas, a second mass flow sensor, i.e., car- 
rier flow sensor 116, is used to measure carrier gas 
flow prior to mixing with reactant gas. Controller 
110 determines reactant gas flow by comparing 
readings from reactant flow sensor 114 and carrier 
flow sensor 116. This comparison provides a basis 
for adjusting a variable carrier flow valve 118 which 
controls carrier flow rate, which in turn regulates 
the reactant flow rate. The effluent handling loop 
uses data from a pressure sensor 120, arranged to 
detect the pressure in reaction chamber 102 to 
control the pumping rate of a variable delivery 
exhaust pump 122, of effluent handling section 
108. Maintenance of a constant pressure in reac- 
tion chamber 102 ensures a stable operating point 
for the gas delivery loop. 

CVD system 100 defines a gas stream which 
extends from a carrier source 124 of gas delivery 
section 104 through effluent handling section 108. 
Carrier source 124 provides a flow of carrier gas to 
serve as the carrier gas and includes a pressure 
regulator to maintain a constant flow pressure, e.g., 
about 0.207 bar (about 2 psi). The carrier gas is 
pre-heated to a temperature greater than that of 
liquid source 136 to minimize convective cooling, 
which would disturb the thermal equilibrium of the 
liquid source, and to partially compensate for heat 
loss due to vaporization of the liquid reactant. 

Helium is the preferred carrier gas because it 
is relatively inert and because of its low atomic 
mass. Inertness minimizes interference with the 
CVD reaction and minimizes problems with con- 
tamination. Low atomic mass results in a low mass 
flow to volume flow ratio. Since, for a given carrier 
pressure, reactant flow correlates with carrier vol- 
ume flow, the use of a carrier with low atomic mass 
results in a relatively high reactant-to-carrier mass 
flow ratio. This translates into a favorable signal-to- 
noise ratio in the mass flow readings from reactant 
flow sensor 114, where the "signal" is the reac- 
tant's contribution to these readings and the 
"noise" is the carrier's contribution to these read- 
ings. The high signal-to-noise ratio results in a 
more precise determination, and corresponding 
more precise control, of reactant flow. 

Carrier and reactant gases are transported be- 
tween system components along conventional tub- 
ing 126. Helium from carrier source 124 flows 



through carrier flow valve 118, which is a throttle 
valve controlled by system controller 110. Since 
carrier flow affects reactant flow, carrier control 
valve 118 effects adjustments in reactant flow to 
5 maintain a level called for by a given process 
recipe. Helium passing through carrier valve 118 is 
detected by carrier flow sensor 114, which provides 
a measurement of the helium mass flow rate. Con- 
veniently, the illustrated carrier flow sensor 116 and 
w carrier flow valve 118 are components of a com- 
mercially available mass flow controller. 

During deposition, a calibration valve 128 is 
closed while an ampule inlet valve 130 and an 
ampule outlet valve 132 are open. Helium is ac- 
75 cordingly directed through ampule inlet valve 130 
and into an ampule 134. 

Ampule 134 is a vacuum tight enclosure which 
contains a liquid source 136 for the reactant gas. In 
the present case, the reactant gas is tetraethylor- 
20 thosilicate (TEOS), a source of silicon used in 
deposited layers of silicon dioxide. Of course, other 
reactants can be used for depositing other materi- 
als or for depositing silicon dioxide according to 
another recipe. A diffuser wick 138 with multiple 
25 small apertures 140 is used to diffuse the helium 
into liquid source 136 to increase the surface area 
to volume ratio of the helium bubbles 142 formed. 
This increased ratio enhances the saturation of 
helium by TEOS. Bubbles 144 of a helium/TEOS 
30 mix move through liquid source 136, whence the 
combined gas can be transported out of ampule 
134 to reaction chamber 102. 

A level sensor 146 is used so that controller 
110 can monitor liquid source level in ampule 134 
35 to determine when replenishment is required. The 
temperature of liquid source 136 is monitored us- 
ing a thermal sensor 148, the readings of which are 
used by controller 110 in regulating a heater ele- 
ment 150 embedded in ampule 134. Ampule 134 
40 includes an thermally insulating wall 152 to mini- 
mize thermal gradient across liquid source 136. 

The combined gas, i.e., the helium/TEOS mix- 
ture, flows out of ampule 134 and through a mist 
separator 154 which is provided to prevent liquid 
45 from moving toward reaction chamber 102. Mist 
separator 154 includes a fine, e.g., 0.01 to 0.1 urn, 
filter 155 which is heated to vaporize impinging 
liquid droplets. Droplets not vaporized drip back 
into ampule 134. 
50 The combined gas flows through ampule outlet 

valve 132 and through reactant flow sensor 114. 
Reactant flow sensor 114 can be obtained by re- 
moving the valve from a mass flow controller, simi- 
lar to the mass flow controller comprising carrier 
55 flow sensor 116 and carrier flow valve 118. Reac- 
tant flow sensor 114 measures the mass flow of the 
reactant gas in combination with the carrier gas, 
which combination proceeds into reaction chamber 
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102. Components downstream of ampule 134 are 
maintained 15-20 "C higher than liquid source 136, 
which is usually maintained at 30-40 *C to avoid 
condensation and to avoid drift of carrier flow sen- 
sor 116 and reactant flow sensor 114. The com- 5 
bined gas measured by reactant flow sensor con- 
tinues its flow into reaction chamber 102. 

The TEOS is reacted with 0 2 in a thermal 
process to cause deposition of a silicon dioxide 
layer on wafer 99. Heat for the deposition reaction 10 
is provided by heat source 106, which provides 
ultra-violet radiation for "cold-wall" heating wafer 
99. Alternatively, radio frequency energy, visible 
light or infra-red radiation can be used for cold-wall 
heating or thermal-resistance heating can be used 75 
for hot-wall heating. The deposition reaction can be 
plasma enhanced, or ozone can be used instead of 
0 2 in the the thermal reaction. The ozone, oxygen 
or any other co-reactant can be introduced using a 
co-reactant gas delivery section, which can be 20 
closed loop in the manner of gas delivery section 
104. However, if the mass flow rate of the co- 
reactant is not critical, the co-reactant delivery sec- 
tion can be open loop. 

Carrier gas and gaseous by-products of the 25 
deposition reaction are pumped into effluent han- 
dling section 108 by pump 122 for proper treat- 
ment and disposal. Pump 122 is a variable delivery 
pump which is controlled by controller 110 as a 
function of reaction chamber pressures as mea- 30 
sured by pressure sensor 120 to maintain a con- 
stant chamber pressure. 

CVD system 100 is described above from the 
perspective of gas handling. A control perspective 
identifies several control loops in which system 35 
components communicate with controller 110 via a 
control bus CB. The gas delivery loop involves the 
adjustment of carrier flow valve 118 via control line 
156 as a function of carrier flow measurements 
received from carrier flow sensor 116 along data ao 
line 158 and combined gas flow measurements 
received from reactant flow sensor 114 along data 
line 160. The effluent handling loop regulates the 
pressure within reaction chamber 102 by control- 
ling exhaust pump 122 via control line 162 as a 45 
function of pressure readings received from pres- 
sure sensor 120 along data line 164. 

A reaction temperature loop is implemented by 
controlling heat source 106 via control line 166 as a 
function of chamber temperature data received 50 
from a thermal sensor 168 via a data line 170. The 
temperature of liquid source 136 is regulated by 
adjusting ampule heater 150 via control line 172 in 
response to data received along a data line 174 
from thermal sensor 148. Data received from level 55 
sensor 146 along data line 176 is used to indicate 
when liquid source 136 needs to be replenished, 
either automatically or manually. Controller 110 



also communicates with system components via 
other control and data lines to implement control 
functions well understood in the art. In addition, 
controller 110 supplies timing signals as required 
to implement and coordinate the control functions. 

In addition to regulating parameters during de- 
position, controller 110 implements a calibration 
mode, opening calibration valve 128; and closing 
ampule inlet valve 130 and ampule outlet valve 132 
using control signals conveyed along calibration 
lines 178. Carrier flow sensor 116 and reactant flow 
sensor 114 should be calibrated relative to each 
other, since, in system 100, they belong to different 
models of mass flow controllers. Specifically, reac- 
tant flow sensor is associated with a mass flow 
controller with twice the capacity of the mass flow 
controller associated with carrier flow sensor 116. 
The reason for this larger capacity is to accom- 
modate the combined mass flow which is typically 
20%-80% greater than the carrier mass flow. Ac- 
cordingly, calibration is required to ensure that the 
measurements taken by different sensors are com- 
parable. 

During the relative calibration mode, liquid 
source 136 is eliminated from the gas stream 
which proceeds directly from carrier flow sensor 
118 to reactant flow sensor 114 via calibration 
valve 128. Since, in this mode, sensors 114 and 
118 detect the same gas flow, they can be cali- 
brated relative to each other by comparing their 
readings at a succession of different carrier flow 
rates. Controller 110 applies a least squares fit to 
the compared readings to derive a linear trans- 
formation of carrier flow readings into reactant flow 
readings. 

Absolute calibration of the sensors can be per- 
formed using a "leak-up" test. Carrier is introduced 
into reaction chamber 102, or another chamber, at 
a constant rate, while chamber pressure is mon- 
itored. The duration required to achieve a predeter- 
mined pressure provides an accurate measure of 
flow rate. The flow rate so determined can be 
compared with reactant flow sensor readings to 
calibrate the latter. In system 100, the results of the 
relative and absolute calibrations are implemented 
in software as described in connection with a more 
detailed explanation of the gas delivery control loop 
below. 

Gas delivery loop 200 includes a control por- 
tion 202 and a feedback portion 204, as shown in 
FIG. 2. Feedback portion 204 is associated with 
gas delivery section 104 of FIG. 1 and comprises 
actions involving carrier flow valve 118, liquid 
source 136, carrier flow sensor 116 and reactant 
flow sensor 114. Control portion 202 is associated 
with controller 110. A process recipe prescribes a 
target reactant flow value 206 to be attained and 
maintained by control loop 200. An initial carrier 
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flow value 208 is calculated by controller 110 from 
the target reactant flow in combination with avail- 
able data on factors which determine the relation- 
ship between carrier flow and reactant flow. These 
factors include the temperature, pressure and level 
associated with liquid source 136 and the pressure 
within reaction chamber 102. Initial carrier flow val- 
ue 208 is a feed forward signal to reduce the 
magnitude and duration required for control loop 
200 to stabilize. 

Initial carrier flow value 208 is supplied through 
add function 210 to control carrier flow valve 118 
and the mass flow of the resulting mass flow rate 
of carrier gas is measured by carrier flow sensor 
116. The carrier gas bubbles through liquid source 
136, where it acquires reactant gas. The resulting 
combined gas flow is measured by reactant flow 
sensor 114. The mass flow readings are calibrated 
by a software calibration function 212 of control 
portion 202. Conceptually, software calibration 
function 212 translates carrier flow readings to val- 
ues that would have resulted had the same flow 
been measured by reactant sensor 114. In addition, 
calibration function 212 makes adjustments in both 
the reactant flow readings and the translated carrier 
flow readings as dictated by the leak-up portion of 
the calibration procedure. The calibrated flow read- 
ings are then compared by feedback comparator 
function 214. The result of the comparison is the 
"actual" value of the reactant mass flow rate. 

It is noted that calibration can be performed in 
many different ways and that the results of a cali- 
bration process can be utilized different ways. In 
particularly, the feedback comparison and software 
calibration steps need not be sequential as in- 
dicated. For example, relative calibration can be 
followed by subtraction which is in turn followed by 
absolute calibration. Alternatively, absolute calibra- 
tion can be applied to both carrier and reactant 
sensor readings, followed by comparison, thus dis- 
pensing with relative calibration altogether. 

The actual reactant flow value is directed to a 
target comparison function 216. Target comparison 
function 216 receives this actual value and com- 
pares it to target reactant flow value 206. The 
difference is an error signal, which is modified by a 
proportional + integral function 218 as is known in 
the controller theory art to cause proper conver- 
gence of a control loop. The modified error value is 
directed to add function 210, which combines the 
modified error signal with the initial carrier flow 
value 208 to adjust the control signal applied to 
carrier flow valve 118, thus closing gas delivery 
control loop 200. 

As described, the present invention controls 
reactant mass flow rate by adjusting the carrier 

* 1 torr = 1 mm Hg = 1.333 mbar 



flow rate. Most CVD processes are not sensitive to 
variations in flow rates of an inert carrier gas within 
a certain range. However, if required, the carrier 
mass flow rate at the CVD chamber can be held 

5 constant by providing an auxiliary carrier gas 
source which merges with the combined gas flow, 
bypassing the liquid source. The auxiliary gas flow 
is controlled to offset changes in the mass flow rate 
of carrier gas through the ampule to maintain a 

io constant total carrier gas flow. Alternatively, the 
carrier mass flow controller can be designed to 
variably divide the carrier gas stream into two 
components, one of which is transported through 
the ampule and the other which merges with the 

15 combined gas flow. This guarantees a constant 
total carrier gas flow without requiring the coordi- 
nated regulation of two carrier gas flows. 

Advantages of CVD system 100 are made ap- 
parent in connection with chemical vapor deposi- 

20 tion of silicon dioxide where tetraethylorthosilicate 
(TEOS) is used as the reactant gas. As described 
in the background section above, there has been a 
problem in obtaining accurate, repeatable, and reli- 
able control of the liquid TEOS source. Note that 

25 the gas delivery loop converges even when con- 
ditions such as reactant temperature and level or 
gas pressure change. Thus, temperature control is 
less critical than it is for an open loop bubbler. For 
example, in CVD system 100, an acceptable tem- 

30 perature tolerance would be +/-3 *C. Comparable 
performance in an open loop bubbler of the prior 
art would require temperature maintenance with 
less than 0.5 " C. 

Since the CVD system 100 is not dependent 

35 on maintaining a constant temperature and since it 
is relatively tolerant of temperature variations, it can 
be reliably operated at higher temperatures than a 
comparable open loop system. Higher ampule tem- 
peratures translate into higher vapor pressures, 

40 which in turn permit higher CVD chamber pres- 
sures. Some CVD processes require chamber 
pressures that are not conveniently attained by 
prior art systems when a low vapor pressure ma- 
terial like TEOS is used for the reactant. As a 

45 result, some favorable processes cannot be used 
and others must be compromised to accept lower 
than optimal pressures. CVD system 100 permits 
much higher chamber pressures, which allows 
greater selection and greater optimization of depo- 

50 sition procedures. By way of example, an exem- 
plary plasma CVD system attains 5-15 torr*cham- 
ber pressures, and an exemplary thermal CVD 
system attains 30-100 torr*chamber pressures, 
whereby the CVD system can exceed 760 torr* 

55 chamber pressures. 
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As indicated above, reactant flow sensor 114, 
carrier flow sensor 116, and carrier flow valve 118 
are components of commercially available mass 
flow controllers. Mass flow controllers precisely 
measure, monitor and control the mass flow of 5 
gases in processes such as plasma etching, diffu- 
sion, sputtering, as well as epitaxial and other 
chemical vapor deposition processes. A typical 
mass flow controller includes a sensor tube in 
parallel with a by-pass tube through which the bulk 10 
of the through-going gas flows. Wound around the 
sensor tube are two identical wire wound sensor 
resistors that, in the absence of flow generate a 
symmetrical temperature profile along the sensor 
tube. When gas flows through the MFC, a restric- 75 
tion in the by-pass tube causes a percentage of the 
flow to take the path provided by the sensor tube. 
Heat carried away from the gas flowing through the 
sensor tube carries away heat generated by the 
sensor resistors. This causes the temperature pro- 20 
file along the sensor tube to change, and the two 
resistor's temperatures become different. The two 
sensors are part of a wheatstone bridge circuit 
which is heated with a constant current source. The 
mass flow of the gas determines the extent to 25 
which the temperatures changes, and hence the 
amount the resistances of the windings change. 
The resistance changes result in voltage changes 
which can be readily measured. Typically, a mass 
flow sensor must be calibrated for the gas being 30 
monitored. The calibration is a function, at least in 
part, of the molecular mass and the specific heat of 
the monitored gas. Further information on mass 
flow controllers is availabe from various sources, 
for example, owners manuals for mass flow control- 35 
lers are available from Unit Instruments, Inc., Or- 
ange, California. 

The present invention provides for a wide vari- 
ety of process materials, temperatures and pres- 
sures can be accommodated. Different materials 40 
can be deposited, such as epitaxial and poly- 
crystalline silicon, and silicon nitride. Silicon diox- 
ide, both doped and undoped, can be deposited 
using reactants other than TEOS. In addition, non- 
silicon based processes can be accommodated by 45 
the present invention. As indicated, there are a 
broad range of calibration procedures and methods 
for applying calibration results. For example, the 
sensor hardware itself can be calibrated or various 
software calibration techniques can be used. In the so 
illustrated embodiment, a heater element is used in 
regulating the temperature of the liquid source; in 
some cases a cooling element or a combination 
heating/cooling element is preferred. These and 
other variations upon and modifications to the de- 55 
scribed embodiments are provided for by the 
present invention defined through the appended 
claims. 



Claims 

1. A chemical vapor deposition system (100) 
comprising: 

a chamber (102) for reacting reactant gas 
for forming a deposition on a substrate (99) 
contained by said chamber (102), 

pressure sensor means (120) for sensing 
the pressure within said chamber (102), 

a heat source (106) for providing heat to 
said chamber (102) for facilitating said reac- 
ting, 

an effluent handling section (108) with a 
variable delivery exhaust pump (122) for evac- 
uating gas from said chamber (102) at an 
adjustable evacuation rate, to maintain the inte- 
rior of said chamber at substantially constant 
pressure, 

gas delivery means (104) for delivering 
reactant gas to said chamber (102) at a pre- 
determined mass flow rate, said gas delivery 
means (104) including 

(a) a reactant gas source (134) for supplying 
reactant gas, 

(b) a carrier gas source (124) for supplying 
a carrier gas, 

(c) carrier conduit means for transporting 
said carrier gas to and through said reactant 
gas source (134) so as to transport said 
carrier gas from said reactant gas source 
(134) at a rate correlated with the mass flow 
rate of said carrier gas, said carrier gas 
mixing with said reactant gas to form a 
combined gas, said carrier gas having a 
carrier mass flow rate through said carrier 
conduit means, 

(d) reactant conduit means (126) for trans- 
porting said combined gas to said chamber 
(102), said reactant gas having a reactant 
mass flow rate through said reactant conduit 
means (126), said combined gas having a 
combined mass flow rate through said reac- 
tant conduit means, 

(e) carrier valve means (118) for adjusting 
said carrier mass flow rate, 

(f) carrier sensor means (116) for providing 
a carrier measurement of said carrier mass 
flow rate, 

(g) reactant sensor means (114) for provid- 
ing a combined measurement of said com- 
bined mass flow rate, and 

controller means (110) for coordinating the 
operation of the above components, said con- 
troller means (110) being coupled to said pres- 
sure sensor means (120) for monitoring the 
pressure within said chamber, said controller 
means (110) being coupled to said variable 
delivery exhaust pump (108) for controlling 
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said evacuation rate so that the pressure in 
said chamber is held substantially constant, 
said controller means (110) being coupled to 
said carrier sensor means (116) for receiving 
said carrier measurements and coupled to said 5 
reactant sensor means (114) for receiving said 
combined measurements, said controller 
means (110) being coupled to said carrier 
valve means (118) for adjusting said carrier 
mass flow rate as a function of said combined 10 
and carrier measurements so that said pre- 
determined reactant gas mass flow rate is at- 
tained and maintained. 

2. A reactant delivery system, for use in a chemi- 75 
cal vapor deposition system (100) which con- 
tains a chamber (102) having an interior main- 
tained at substantially constant pressure, said 
chamber being provided with pressure sensor 
means (120) comprising: 20 

a reactant gas source (134) for producing 
reactant gas upon vaporization and a carrier 
gas source (124) for supplying carrier gas, 

carrier conduit means for transporting said 
carrier gas to and through said reactant gas 25 
source (134) so that said carrier gas mixes 
with said reactant gas to constitute a combined 
gas, said carrier gas having a carrier mass flow 
rate through said carrier conduit means, 

reactant conduit means (126) for transport- 30 
ing said combined gas to said chamber (102), 
by effluent handling section (108) with a vari- 
able delivery exhaust pump (122), said reac- 
tant gas having a reactant mass flow rate 
through said reactant conduit means, said 35 
combined gas having a combined mass flow 
rate through said reactant conduit means, 

carrier rate means (118) for adjusting said 
carrier mass flow rate, reactant sensor means 
(114) for providing combined measurements of 40 
said combined mass flow rate, 

carrier sensor means (116) for providing 
carrier measurements of said carrier mass flow 
rate, 

controller means (110) for regulating said 45 
reactant mass flow rate, said controller means 
(110) being coupled to said reactant sensor 
means (114) for receiving said combined mea- 
surements, said controller means (110) being 
coupled to said carrier sensor (116) for receiv- 50 
ing said carrier measurements, said controller 
means (110) being coupled to said carrier rate 
means (118), for adjusting the same as a func- 
tion of said carrier and combined measure- 
ments so that said reactant mass flow rate is 55 
maintained at a predetermined level. 



3. The reactant delivery system of claim 2, 
wherein said carrier rate means includes a 
carrier flow valve (118) for adjusting said car- 
rier mass flow rate so as to regulate the mass 
flow rate of said reactant gas. 

4. The reactant delivery system of claims 2 or 3 
wherein said reactant gas source (134) in- 
cludes a liquid phase (136) which vaporizes to 
yield said reactant gas. 

Patentanspruche 

1. Vorrichtung (100) fur eine Gasphasenabschei- 
dung nach einem chemischen Verfahren, mit: 

einer Kammer (102) zum Umsetzen eines 
Reaktandengases zum Ausbilden eines Nieder- 
schtags auf einem in der Kammer (102) enthal- 
tenen Substrat (99), 

einem Drucksensormittel (120) zum Erfas- 
sen des Drucks in der Kammer (102), 

einer Warmequelle (106) zum Versorgen 
der Kammer (102) mit Warme, urn die Umset- 
zung zu erleichtern, 

einem Abgasbehandlungsabschnitt (1 08) 
mit einer Absaugpumpe (122) mit veranderba- 
rer Forderleistung zum Evakuieren von Gas 
aus der Kammer (102) mit einer einstellbaren 
Evakuiergeschwindigkeit, urn das Innere der 
Kammer auf einem im wesentlichen konstanten 
Druck zu halten, 

einem Gaszufuhrmittel (104) zum Zufuhren 
von Reaktandengas mit einem vorgegebenen 
MengendurchfluG zur Kammer (102), wobei 
das Gaszufuhrmittel (104) umfaflt: 

(a) eine Reaktandengasquelle (134) fur die 
Versorgung mit Reaktandengas, 

(b) eine Tragergasquelle (124) fur die Ver- 
sorgung mit einem Tragergas, 

(c) ein Tragerleitungsmittel zum Transpor- 
tieren des Tragergases zur und durch die 
Reaktandengasquelle (134), urn das Trager- 
gas von der Reaktandengasquelle (134) mit 
einer Geschwindigkeit, die dem Mengen- 
durchfluB des Tragergases entspricht, zu 
transportieren, wobei sich das Tragergas 
mit dem Reaktandengas vermischt, urn ein 
kombiniertes Gas zu bilden, wobei das Tra- 
gergas einen Tragermengendurchflufi durch 
das Tragerleitungsmittel aufweist, 

(d) ein Reaktandenleitungsmittel (126) zum 
Transportieren des kombinierten Gases zur 
Kammer (102), wobei das Reaktandengas 
einen Reaktandenmengendurchflufi durch 
das Reaktandenleitungsmittel (126) aufweist, 
wobei das kombinierte Gas einen kombi- 
nierten MengendurchfluB durch das Reak- 
tandenleitungsmittel aufweist, 
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(e) ein Tragerventiimitte! (118) zum Einstel- 
len des Tragermengendurchflusses, 

(f) ein Tragersensormittel (116), um eine 
Tragermessung des Tragermengendurch- 
flusses zur Verfugung zu stellen, 5 

(g) ein Reaktandensensormittel (114), um 
eine gemeinsame Messung des kombinier- 
ten Mengendurchflusses zur Verfugung zu 
stellen, und 

ein Steuermittel (110) zum Koordinieren 10 
des Betriebs der oben genannten Komponen- 
ten, wobei das Steuermittel (110) zum Uberwa- 
chen des Drucks in der Kammer an das Druck- 
sensormittel (120) gekoppelt ist, wobei das 
Steuermittel (110) zum Steuern der Evakuier- 75 
geschwindigkeit an die Absaugpumpe (122) 
mit veranderbarer Forderleistung gekoppelt ist, 
so daB der Druck in der Kammer im wesentli- 
chen konstant gehalten wird, wobei das Steu- 
ermittel (110) zum Empfangen der Tragermes- 20 
sungen an das Tragersensormittel (116) ge- 
koppelt und zum Empfangen der gemeinsa- 
men Messungen an das Reaktandensensormit- 
tel (114) gekoppelt ist, wobei das Steuermittel 
(110) zum Einstellen des Tragermengendurch- 25 
flusses als Funktion der gemeinsamen Mes- 
sung und der Tragermessung an das Trager- 
ventilmitte! (118) gekoppelt ist, so daB der vor- 
gegebene ReaktandengasmengendurchfluB er- 
reicht und aufrechterhalten wird. 30 

2. Reaktandenzufuhrsystem zur Verwendung in 
einer Vorrichtung (100) fur eine Gasphasenab- 
scheidung nach einem chemischen Verfahren, 
welche eine Kammer (102) enthalt, die ein 35 
Inneres aufweist, welches auf einem im we- 
sentlichen konstanten Druck gehalten wird, wo- 
bei die Kammer mit einem Drucksensormittel 
(120) ausgestattet ist, mit: 

einer Reaktandengasquelle (134) fur die 40 
Erzeugung eines Reaktandengases nach Ver- 
dampfung und einer Tragergasquelle (124) fur 
die Versorgung mit Tragergas, 

einem Tragerleitungsmittel zum Transpor- 
tieren des Tragergases zur und durch die Re- 45 
aktandengasquelle (134), so da/3 sich das Tra- 
gergas mit dem Reaktandengas vermischt, um 
ein kombiniertes Gas zu bilden, wobei das 
Tragergas einen TragermengendurchfluB 
durch die Tragerleitungsmittel aufweist, 50 

Reaktandenleitungsmitteln (126) zum 
Transportieren des kombinierten Gases zur 
Kammer (102) uber den Abgasbehandlungsab- 
schnitt (108) mit einer Absaugpumpe (122) mit 
veranderbarer Forderleistung, wobei das Reak- 55 
tandengas einen ReaktandenmengendurchfluB 
durch das Reaktandenleitungsmittel aufweist, 
wobei das kombinierte Gas einen kombinierten 



MengendurchfluB durch das Reaktandenlei- 
tungsmittel aufweist, 

einem TragerdurchfluBmittel (118) zum 
Einstellen des Tragerdurchflusses, ein Reak- 
tandensensormittel (114), um gemeinsame 
Messungen des kombinierten Mengendurch- 
flusses zur Verfugung zu stellen, 

einem Tragersensormittel (116), um Trag- 
ermessungen des Tragermengendurchflusses 
zur Verfugung zu stellen, 

einem Steuermittel (110) zum Regeln des 
Reaktandenmengendurchflusses, wobei das 
Steuermittel (110) zum Empfangen der ge- 
meinsamen Messungen an das Reaktanden- 
sensormittel (114) gekoppelt ist, wobei das 
Steuermittel (110) zum Empfangen der Trager- 
messungen an das Tragersensormittel (116) 
gekoppelt ist, wobei das Steuermittel (110) an 
das TragerdurchfluBmittel (118) zum Einstellen 
desselben als Funktion der Tragermessungen 
und der gemeinsamen Messungen gekoppelt 
ist, so dafi der ReaktandenmengendurchfluB 
auf einem vorgegebenen Niveau gehalten wird. 

3. Reaktandenzufuhrsystem nach Anspruch 2, 
wobei das TragerdurchfluBmittel ein Trager- 
durchfluBventil (118) zum Einstellen des Trag- 
ermengendurchflusses umfaBt, um den Men- 
gendurchfluB des Reaktandengases zu regeln. 

4. Reaktandenzufuhrsystem nach Anspruch 2 
Oder 3, wobei die Reaktandengasquelle (134) 
eine flussige Phase (136) umfaBt, welche ver- 
dampft, um das Reaktandengas zu ergeben. 

Revendications 

1. Systeme de depot chimique en phase vapeur 
(100) comprenant : 

une chambre (102) pour faire reagir un gaz 
reactif et former un depot sur un substrat (99) 
contenu dans ladite chambre (102), 

des moyens detecteurs de pression (120) 
pour detector la pression a I'interieur de ladite 
chambre (102), 

une source de chaleur (106) pour fournir 
de la chaleur a ladite chambre (102) et faciliter 
ladite reaction, 

une section de traitement d'effluents (108) 
ayant une pompe aspirante a debit variable 
(122) pour evacuer le gaz depuis ladite cham- 
bre (102) selon un debit d'evacuation reglable, 
et maintenir Tinterieur de ladite chambre a une 
pression sensiblement constante, 

des moyens de distribution de gaz (104) 
pour fournir le gaz reactif a ladite chambre 
(102) selon un debit d'ecoulement de masse 
predetermine, lesdits moyens de distribution 
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de gaz (104) comprenant : 

(a) une source de gaz reactif (134) pour 
fournir le gaz reactif, 

(b) une source de gaz vecteur (124) pour 
fournir un gaz vecteur, 5 

(c) des moyens formant conduit de gaz 
vecteur pour transporter ledit gaz vecteur 
jusque et a travers ladite source de gaz 
reactif (134) de fagon a transporter ledit gaz 
vecteur depuis ladite source de gaz reactif io 
(134) a un debit en correlation avec le debit 

de masse dudit gaz vecteur, ledit gaz vec- 
teur se melangeant avec ledit gaz reactif 
pour former un gaz combine, ledit gaz vec- 
teur ayant un debit d'ecoulement de masse 75 
de gaz vecteur au travers dudit moyen for- 
mant conduit de gaz vecteur, 

(d) un moyen formant conduit de gaz reactif 
(126) pour transporter lesdits gaz combines 

vers ladite chambre (102), ledit gaz reactif 20 
ayant un debit d'ecoulement de masse de 
gaz reactif au travers dudit moyen formant 
conduit de gaz reactif (126), lesdits gaz 
combines ayant un debit d'ecoulement de 
masse de gaz combines au travers dudit 25 
moyen formant conduit de gaz reactif, 

(e) des moyens formant vanne de gaz vec- 
teur (118) pour regler ledit debit d'ecoule- 
ment de masse de gaz vecteur, 

(f) des moyens de detection de gaz vecteur 30 
(116) pour fournir une mesure dudit debit 
d'ecoulement de la masse de gaz vecteur, 

(g) des moyens de detection du gaz reactif 
(114) pour fournir une mesure dudit debit 
d'ecoulement de masse de gaz combines, 35 
et 

des moyens de commande (110) pour 
coordonner le fonctionnement des composants 
indiques ci-dessus, lesdits moyens de com- 
mande (110) etant accouples auxdits moyens 40 
detecteurs de pression (120) pour controler la 
pression a I'interieur de ladite chambre, lesdits 
moyens de commande (110) etant accouples a 
ladite pompe d'aspiration a debit variable (122) 
pour commander ledit debit d'evacuation, de 45 
telle sorte que la pression dans ladite chambre 
soit maintenue sensiblement constante, lesdits 
moyens de commande (110) etant accouples 
auxdits moyens detecteurs de gaz vecteur 
(116) pour recevoir les mesures de gaz vec- 50 
teur et accouples auxdits moyens detecteurs 
de gaz reactif (114) pour recevoir lesdites me- 
sures de gaz combines, lesdits moyens de 
commande (110) etant accouples auxdits 
moyens formant vanne de gaz vecteur (118) 55 
pour regler ledit debit d'ecoulement de masse 
de gaz vecteur en fonction desdites mesures 
de gaz vecteur et de gaz combines, de telle 



sorte que ledit debit d'ecoulement de masse 
de gaz reactif predetermine soit atteint et 
maintenu. 

2. Systeme de distribution de reactif pour I'utilisa- 
tion dans un systeme de depot chimique en 
phase vapeur (100) qui comprend un chambre 
(102), dont I'interieur est maintenu a une pres- 
sion sensiblement constante, ladite chambre 
etant pourvue de moyens detecteurs de pres- 
sion (120) comprenant : 

une source de gaz reactif (134) pour pro- 
duire un gaz reactif par vaporisation et une 
source de gaz vecteur (124) pour fournir un 
gaz vecteur, 

des moyens formant conduit de gaz vec- 
teur pour transporter ledit gaz vecteur jusqu'a 
et a travers ladite source de gaz reactif (134), 
de telle sorte que le gaz vecteur se melange 
avec ledit gaz reactif pour constituer un gaz 
combine, ledit gaz vecteur ayant un debit 
d'ecoulement de masse de gaz vecteur au 
travers desdits moyens formant conduit de gaz 
vecteur, 

des moyens formant conduit de gaz reactif 
(126) pour transporter ledit gaz combine vers 
ladite chambre (102), par une section de traite- 
ment d'effluents (108) ayant une pompe aspi- 
rante (122) a debit variable, ledit gaz reactif 
ayant un debit d'ecoulement de masse de gaz 
reactif au travers dudit moyen formant conduit 
de gaz reactif, ledit gaz combine ayant un 
debit d'ecoulement de masse de gaz combi- 
nes au travers dudit moyen formant conduit de 
gaz reactif, 

des moyens de rdglage de debit de gaz 
vecteur (118) pour regler ledit debit d'ecoule- 
ment de masse du gaz vecteur, des moyens 
detecteurs de gaz reactif (114) pour fournir des 
mesures dudit debit d'ecoulement de masse 
de gaz combines, des moyens detecteurs de 
gaz vecteur (116) pour fournir des mesures 
dudit debit d'ecoulement de masse de gaz 
vecteur, 

des moyens de commande (110) pour re- 
guler ledit debit d'ecoulement de masse de 
gaz reactif, lesdits moyens de commande 
(110) etant accouples auxdits moyens detec- 
teurs de gaz reactif (114) pour recevoir lesdi- 
tes mesures combinees, lesdits moyens de 
commande (110) etant accouples auxdits 
moyens detecteurs de gaz vecteur (116) pour 
recevoir lesdites mesures de gaz vecteur, les- 
dits moyens de commande (110) etant accou- 
ples auxdits moyens de reglage de debit de 
gaz vecteur (118) pour regler ceux-ci en fonc- 
tion desdites mesures de gaz vecteur et de 
gaz combines, de telle sorte que le debit 
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d'ecoulement de masse de gaz reactif est 
maintenu a un niveau predetermine. 

3. Systeme de distribution de reactif selon la 
revendication 2, dans lequel ledit moyen de 5 
reglage de debit de gaz vecteur comprend une 
vanne d'ecoulement de gaz vecteur (118) pour 
regler ledit debit d'ecoulement de masse de 

gaz vecteur, de fagon a reguler le debit 
d'ecoulement de masse dudit gaz reactif. 10 

4. Systeme de distribution de reactif selon la 
revendication 2 ou 3, dans lequel ladite source 
de gaz reactif (134) comprend une phase liqui- 

de (136) qui est vaporisee pour donner ledit 75 
gaz reactif. 
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